Mortality causing conditions
This model explicitly represents 19 mortality causing conditions as listed in Table 1 of the manuscript. For each condition, we collected the following sets of data for each gender across age deciles (from age 15 to 85 and over): baseline prevalence, annual incidence rate, probability of instant death and/or annual probability of long-term death, risk ratio (RR) of mortality after successful long-term treatment, adherence to and success rate of long-term treatment. The product of adherence rate with success rate of long-term treatment is the probability of successful treatment. We then used linear interpolation to obtain these parameters for each age between 15 and 125.
Instant mortality was defined as the probability of mortality within one week from the onset of a condition. For example if an individual has an accident, this represents the probability of dying from that given incident. Long-term mortality is defined as the annual probability of dying from a condition given instant mortality did not occur.
The following conditions only have instant mortality: accidents, assault, flu, suicide, and maternal mortality. The following conditions only have long-term mortality: Alzheimer's, chronic lower respiratory disease, diabetes, essential hypertension, all kinds of malignant neoplasm, and Parkinson's. The following conditions have both instant and long-term mortality: cerebrovascular disease, chronic liver disease/hepatitis, and diseases of the heart.
Risk factors
This model explicitly represents 27 risk factors as listed in Table A1 , together with the conditions that each risk factor is associated. In most cases, individuals with a certain risk factor would have higher incidence rate for those conditions that are associated with that risk factor (a risk ratio larger than 1). However, there are two exceptions: 1) for condition "maternal mortality", associated risk factors raise the mortality rate, not the incidence rate of pregnancy; 2) For condition "influenza", risk factor "flu vaccination" reduces the incidence rate of influenza development (a risk ratio smaller than 1).
For exercise and diet, in addition to lowering the incidence rate of some conditions as listed in Table A1 , they also lower the incidence rate of three other risk factors: high cholesterol, hypertension, and obesity. In addition, for people with high cholesterol, hypertension, or obesity, if they exercise or eat healthy diet, they have the opportunity to eliminate the risk factor. Exercise and diet also lower the baseline mortality.
For each risk factor, we collected the following data for each gender across age deciles (from age 15 to 85 and over): baseline prevalence, annual incidence rate, risk ratio (RR) for the incidence rate (or mortality rate for maternal mortality) of the associated conditions (Table A2) .
We then used linear interpolation to obtain these parameters for each age between 15 and 125.
There are a few conditions that lead to the acquisition of certain risk factors. If an individual has the condition "Cerebrovascular disease" and/or "diseases of the heart", he/she also has the risk factor "cardiovascular disease". However, if an individual has the risk factor "cardiovascular disease", he/she may or may not have the condition "cerebrovascular disease" or "diseases of the heart". If an individual has essential hypertension/hypertensive renal disease, he/she also has the risk factor "hypertension". However, if an individual has the risk factor "hypertension", he/she may or may not have the condition "essential hypertension".
One special risk factor is "diabetes". It is equivalent to condition "diabetes". Therefore, an individual who has the condition "diabetes" must also have the risk factor "diabetes", and vice versa.
A3: Level of evidence
Likelihood of causality regarding each risk factor/mortality condition dyad was categorized where each study was provided with a grade of A, B, or C; with A representing the highest quality of evidence and C lowest quality of evidence used.
We used a synthesis of the Grading of Recommendations Assessment, Development and Evaluation (GRADE) guidelines for rating the quality of evidence and the AHRQ level of evidence guidelines.
Definition of each grade level are:
A: Given to randomized controlled trials and meta-analyses of controlled trials.
B: Given to non-randomized trials with a control group, including case/control and cohort studies and meta-analyses of non-randomized trials.
C: Given to studies without controls.
A complete list of assigned evidence levels is available in Table A3 .
We can set a threshold for level of evidence for the model simulation. For example, if the threshold is set to B, then only those risk factors that impact a condition with a level of evidence >= B will be considered effective while risk factors that impact a condition with a level of evidence at C will be ignored.
A4: The simulation procedure

Overview
In each iteration of the simulation one hypothetical individual is generated, with a starting age, gender, initial settings of mortality causing conditions, and initial settings of risk factors. As shown in figure A1 , once the status of this person is initialized, he/she enters into a virtual life composed of many cycles. Compromising resolution and computation time, we set the cycle length to be a month. In each month this person goes through the following steps: After a desired number of individuals have been simulated (for this study, we use 1 million to achieve desired resolution in results), we can do various statistical analyses of the cohort. Details of each step are described below.
Symbols used in equations
Here we list all the symbols which will be used in the mathematical equations later in this section.
: the i th risk factor, 1 ≤ ≤ 27.
: incidence rate for the i th risk factor _ : probability of eliminating the i th risk factor _ : probability of developing the i th risk factor : the j th mortality causing condition, 1 ≤ ≤ 19 _ : baseline incidence rate for the j th mortality causing condition : final incidence rate for the j th condition incorporating the influence of risk factors _ : relative risk of changing the incidence rate of the j th condition by the i th risk factor _ : probability of developing the j th condition
Initialization of risk factors and conditions
When a new individual is generated, the first characteristic to define is age at initiation. Depending on the cohort, all individuals can start at the same designated age, be assigned specific, but different ages, or a random age at initiation can be assigned to each new individual based on a distribution. In this study, we simulated a birth cohort with everyone starting at age 15.
The second characteristic to be defined is gender. All individuals can be set as male or female to simulate single gender cohort, or a gender will be randomly assigned based on a gender distribution stratified by age (since age is assigned first). All three scenarios were used in this study.
Once age and gender are defined, the model assigns risk factors and conditions to this individual based on the baseline prevalence of each risk factor and each condition for that agegender combination: a random number is generated between 0 and 1 using uniform distribution, if this random number is less than the baseline prevalence of a risk factor (or condition) for this age and gender, then this person has this risk factor (or condition) turned on, otherwise he/she has this risk factor (or condition) turned off.
Update each risk factor in a cycle
The model checks each of the 27 risk factors:
1) if the patient has the i th risk factor on, and the incidence rate (for that age and gender) is a negative value, indicating possibility of resolving from this risk factor, then the probability of eliminating would be:
This is the transition from a rate to a probability. The denominator 12 is used here because the incidence rate is annual and the cycle length of the model is a month. This kind of transition happens wherever we need to obtain the probability of an event from a given rate. 2) if the patient has the i th risk factor off, and the incidence rate (for that age and gender) is a positive value, indicating possibility of developing this risk factor, then the probability of developing would be:
Update each condition in a cycle
The model checks each of the 19 conditions: if the j th condition is off, and if this person has risk factor on that changes the incidence rate of by a relative risk (RR) of _ for that age and gender, then the incidence rate of developing is
Notice that if this person has multiple risk factors that are all associated with , the model keeps multiplying the RRs to get .
The probability of developing condition in this cycle is:
Check mortality caused by any conditions
The model checks each of the conditions this person has, if condition is on, and if 1) has only instant mortality (one of the following: accidents, assault, flu, suicide, and maternal mortality). The model generates a random number and if it is less than the probability of instant death of for that age and gender, then this person dies. Otherwise this person survives but with condition turned off (this patient does not have this condition any more). Notice that if is maternal mortality, then the model checks if this person has either of the risk factors cardiovascular disease and family history of hypertension. If she has either one or both of them, then the model increases the instant death probability by multiplying the relative risk of those risk factors. 2) has only long-term mortality (one of the following: Alzheimer's, chronic lower respiratory disease, diabetes, essential hypertension, all kinds of malignant neoplasm, and Parkinson's). The model first checks if this person is under successful treatment of condition . This check is done right after condition is turned on and only once. If this person is under successful treatment, then the mortality rate due to that condition will be reduced by a relative risk. Finally, the model generates a random number and if it is less than the probability of death in this cycle due to condition , this person dies. Otherwise this person survives with condition stays on. 3) has both instant and long-term mortality (one of the following: cerebrovascular disease, chronic liver disease, and diseases of the heart). The model first checks if this person dies of instantly, using the same method for those conditions that only have instant death. This check is implemented only once after is turned on, simulating the acute events of cerebrovascular disease, chronic liver disease, or diseases of the heart. If this person does not die instantly, indicating that this person survives the acute event and enters into the chronic stage, the model will not check instant death of anymore. It will only check the long-term death of , using the method described previously for conditions that only have long-term mortality.
Check mortality of other causes
If a person does not die of any conditions he/she has, the model checks if he/she dies of any other causes. The mortality rates (stratified by age and gender) used here are from US life table.
A5: Special treatments
Cancer mortality
For malignant neoplasm (cervical, colorectal, breast, lung, prostate, and other), mortality rates are defined depending on the survival time (6 levels: 1, 2, 3, 4-5, 6-8, 9+ years). When checking if a person dies of one of these cancers, the model first checks how long this person has survived with the cancer, obtains the corresponding mortality rate for that survival time, then decides if this person dies using the same method described in previous section for conditions with long-term mortality.
Cancer screening
Since regular cancer screening can significantly reduce mortality rate, we explicitly represented the following five screenings: colonoscopy, mammography, Pap smear, PSA, and liver cancer screening. We collected data for the proportion of people receiving screening, and RR of mortality after screening. Using the data for the proportion of people receiving screening, a newly generated individual will be randomly assigned to either one of the two groups for each of the 5 screenings: 1) regularly screened and 2) no screening. At the time when the model checks if this person dies of a cancer, the model first checks if this person is regularly screened for that cancer. If he/she is under regular screening, the model multiplies the RR for the corresponding screening to the mortality of the cancer.
Levels of alcohol abuse
We explicitly represent 7 levels of alcohol abuse (from 4 to 10+ drinks a day) in our model in order to differentiate the effects of different alcohol drinking levels on chronic liver disease. For each level, we collected the following data: proportion in that level for each gender across age deciles (15 to 85+), RR to the incidence of liver disease for that level.
Whenever a person acquires the risk "alcohol abuse", the model randomly assigns a drinking level to this person based on the data of proportion for each level. At the time when the model checks if this person will acquire condition "chronic liver disease", and if this person has the risk "alcohol abuse", then the model checks the drinking level of this person and applies the corresponding RR to the incidence of liver disease.
A6: Model Calibration
We ran the model for a male birth cohort (everyone starts at age 15) and a female birth cohort. The prevalence (number of individuals alive with a certain condition/number of all individuals alive) and mortality rate (number of individuals who dies of a certain condition in a year/number of individuals alive at the beginning of the year) of each condition for each year were generated and compared to the data. Due to the goal of predicting mortality, condition mortality was prioritized above condition prevalence during calibration. The comparison of model outcomes and US data were performed using visual inspection and through analysis of sum of squared errors (SSE). To calibrate the model to the average life expectancy, a general mortality dial was implemented for individuals over age 35. This dial decreased the overall mortality rate in the population and impacted all conditions proportionally. Figures A2 to A20 shows the results for each condition.
A7: One-way sensitivity analysis
We conducted one-way sensitivity analyses for all of the following input variables: the incidence rate of all the risk factors, the incidence rate and mortality rate of all the conditions, and the probability of successful treatment for conditions with long-term mortality. Each variable was tested at 0.9 and 2-fold change of the value used in the model. Results show correct relationships between inputs and outputs. Because there are over 3000 figures of sensitivity analyses, we do not present the results here. They are available upon request. Note: A = RCTs, Meta-analyses; B=Cohort and Case Control studies-Meta-analyses of the same; C=Studies without a control
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